In order to study the response of nine cultivars spring canola (Brassica napus L.) to drought stress, an experiment was conducted in a factorial experimental on the basis of randomized complete block design with three replications under two irrigated conditions during 2009-2010 cropping season. Eleven drought tolerance indices including stress tolerance index (STI), stress susceptibility index (SSI), tolerance index (TOL), geometric mean production (GMP), mean production (MP), yield index (YI), yield stability index (YSI), drought resistance index (DI), modified stress tolerance (MSTI), relative drought index (RDI) and stress susceptibility percentage index (SSPI) were calculated based on grain yield under drought (Ys) and irrigated conditions (Yp).Yield in stress (Ys) and non-stress (Yp) conditions were significantly and positively correlated with STI, GMP, MP, YI, TOL, DI, RDI, YSI, SSPI, K 1 STI and K 2 STI and negatively correlated with SSI. Results of this study show thatthese indices of stress tolerance/resistance such as K 1 STI, K 2 STI, SSPI, RDI and DI can be used as the most suitable indicators for screening drought tolerant cultivars.Screening drought tolerantcultivars using ranking method discriminated cultivars Hyola 308, Heros and SW5001 as the most droughts tolerant. Cluster analysis classified the cultivars into three groups i.e., resistant, susceptible and tolerant to drought conditions. Therefore they are recommended to be used as parents for improvement of drought tolerance in other cultivars.
Introduction
Rapeseed (Brassica napus L.), from the Brassicaceae family, grows in about 42.2 million/ha in 53 countries all over the 6 continents, yielding an average of 1451 kg ha -1 . Although Asia alone itself owns 59.1% of the cultivated areas, it produces only 48.6% of the whole production. Canola (Brassica napus L.) has a high adaptability under the different environmental conditions especially under the drought, salinity and temperature stresses (Yadava & Singh, 2004) .
All the alive and non-alive stresses are the most factors to reducing production nonetheless; drought stress is the most important factor limiting crops production in agricultural systems in arid and semi arid regions (Molasadeghi et al., 2011) . Iran is located on the world's desert belt, and is considered as the arid and semiarid region. Average rainfall in the country is about 250 (mm) which this is one third of average rainfall in the world, while 1.2 percent of the world's land is allocated to Iran. On the other hand, of 18.5 million hectares of agricultural lands, 6.2 million hectares (33.5 %) is devoted to dry cultivation. A bout 1.2 million /ha of lands under dry cultivation, more than 400 (mm) rainfall will receive (Mohammadi et al., 2006) . Loss of yield is the main concern of plant breeder sand hence emphasize on yield performance under stress conditions. Thus, drought indices which provide a measure of drought based on loss of yield under drought-conditions in comparison tonormal conditions have been used for screening drought-tolerant genotypes (Mitra, 2001 ). Various researchers have used different methods to evaluate genetic differences in drought tolerance. Drought resistance is defined by Hall (1993) as the relative yield of a genotype compared to other genotypes subjected to the same drought stress. Drought susceptibility of a genotype is often measured as a function of the reduction in yield under drought stress (Blaum, 1988) whilst the values are confounded with differential yield potential of genotypes (Ramirez & Kelly, 1998) . Several selection criteria have been proposed to select genotypes based on their performance in stress and non-stress environments. Fischer et al. (1998) suggested that relative drought index (RDI) is positive indices for indicating stress tolerance. Lan (1988) defined new indices of drought resistance index (DI), which was commonly accepted to identify genotypes producing high yield under both stress and non stress conditions. Rosielle & Hamblin (1981) defined stress tolerance (TOL) as the differences in yield between stress and irrigated environments and mean productivity (MP) as the average yield of genotypes under stress and non-stress conditions. The geometric mean productivity (GMP) is often used by breeders interested in relative performance, since drought stress can vary in severity in field environments over years (Fernandez, 1992) . Fischer and Maurer (1978) suggested the stress susceptibility index (SSI) for measurement of yield stability that apprehended the changes in both potential and actual yields in variable environments. Clarke et al. (1992) used SSI to evaluate drought tolerance in wheat genotypes and found year-to-year variation in SSI for genotypes and could rank their pattern. In spring wheat cultivars, Guttieri et al. (2001) , using SSI, suggested that an SSI > 1 indicated above-average susceptibility to drought stress. The yield index (YI; suggested by Gavuzzi et al., 1997) and yield stability index (YSI) suggested by Bouslamaand Schapaugh (1984) in order to evaluation the stability of genotypes in the both stress and non-stress conditions. Stress Tolerance Index (STI) was defined as a useful tool for determining high yield and stress tolerance potential of genotypes (Fernandez, 1992) . To improve the efficiency of STI a modified stress tolerance index (MSTI) was suggested by Farshadfar and Sutka (2002) which corrects the STI as a weight. Moosavi et al. (2008) introduced stress susceptibility percentage index (SSPI) for screening drought tolerant genotypes in stress and non-stress conditions.
The present study was undertaken to assess the selection criteria for identifying drought tolerance in spring canolacultivars, so that suitable cultivars can be recommended for cultivation in droughtprone areas of Iran.
Materials and Methods

Experimental Design and Plant Material
Nine cultivars of canola (Brassica napus L.) listed in Table 1were 
Calculate Indices
Eleven drought tolerance indices including Stress susceptibility index (SSI), Relative drought index (RDI), Stress tolerance index (STI), Geometric mean productivity (GMP), Tolerance (TOL), Mean production (MP), Yield index (YI), Drought resistance index (DI), Yield stability index (YSI), Stress susceptibility percentage (SSPI), Modified stress tolerance index (KiSTI), were calculated using the following relationships (Fischer & Maurer, 1978; Fischer et al., 1998; Fernandez, 1992; Rosielle & Hamblin, 1981; Bouslama & Schapaugh, 1984; Lan, 1988; Moosavi et al., 2008; Farshadfar & Sutka, 2002) :
In the above formulas, Ys, Yp, and represent yield under stress, yield non-stress for each cultivar, yield mean in stress and non-stress conditions for all cultivars, respectively. cultivars can be categorized into four groups based on their performance in stress and non-stress environments: cultivars express uniform superiority in both stress and non stress conditions (Group A), cultivars perform favorably only in non-stress conditions (Group B), cultivars gives relatively higher yield only in stress conditions (Group C), and cultivars perform poorly in both stress and non stress conditions (Group D). The optimal selection criterion should distinguish Group A from the other three groups. Three-dimensional plots among YS, Yp, and STI, showed the interrelationships among these three variables to separate cultivars of Group A from other groups (Fernandez, 1992) .
Statistical Analysis
Correlation among indices and grain yield in two conditions and three-dimensional plots drawing were performed by SPSS ver. 16, Statistica ver.8 softwares, respectively.
Result and Discussion
Comparing Cultivars based on the Resistance/Tolerance Indices
To investigate suitable stress resistance indices for screening of cultivars under drought condition, grain yield of cultivars under both non-stress and stress conditions were measured for calculating different sensitivity and tolerance indices (Table 2) . A suitable index must have a significant correlation with grain yield under both the conditions (Mitra, 2001) . Based on the stress tolerance index (STI) and grain yield, Hyola308 and SW5001 were found drought tolerance with highest STI and grain yield under irrigation (non-stressed) condition, while Olga and Sarigol displayed the lowest amount of STI and grain yield under irrigation condition. Other cultivars were identified as semi-tolerance or semi-sensitive to drought stress (Table 2) . Rosielle and Hamblin (1981) reported that stress tolerance index and mean productivity were defined as the difference in yield and the average yield between stress and non-stress conditions, respectively. Thus, the highest GMP and MP were related to the cultivars Hyola 308, SW5001 and Craker. According to tolerance index (TOL), Sarigol and Olga exhibited the most and SW5001 and Hyola308 the least relative tolerance, respectively. Mevlut and Sait (2011) indicated that the genotypes with high STI usually have high difference in yield in two different conditions. They reported in general, similar ranks for the genotypes were observed by GMP and MP parameters as well as STI, which suggests that these three parameters are equal for selecting genotypes.Also, according to DI and RDI indices selected the Hyola 308, SW5001 and Cracker as the most relatively tolerantcultivars while for SSPI the cultivars Sarigol, Olga and Comet were the most relative tolerant. According to K 1 STI and K 2 STI the cultivars Hyola 308, SW5001 and Cracker were the most relative tolerant. YI and YSI discriminated cultivars Hyola 308, SW5001 and Cracker were the most and Sarigol and Olga the least relative tolerant cultivars (Table 2) . Ilker et al. (2011) concluded that MP, GMP and STI values are convenient parameters to select high yielding wheat genotypes in both stress and non-stress conditions whereas relative decrease in yield, TOL and SSI values are better indices to www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; determine tolerance levels. 
Correlation Analysis
To determine the most desirable drought tolerant criteria, the correlation coefficients between Yp, Ys and other quantitative indices of drought tolerance were calculated (Table 4) . In other words, correlation analysis between grain yield and drought tolerance indices can be a good criterion for screening the best cultivars and indices used. Yield in stress (Ys) condition was significantly and positively corrected with STI, GMP, MP, TOL, YI, YSI, SSPI, RDI and DI. Yield in non-stress (Yp) condition was significant and positively correlated with TOL, GMP, MP, STI, YI, YSI, SSPI, RDI and DI indicating that these criteria were more effective in identifying high yielding cultivars under different water conditions. Toorchi et al. (2012) showed that correlation between MP, GMP, Ys and Yp was positive. Dehghani et al. (2009) reported that GMP, MP and STI were significantly and positively correlated with stress yield. were consistent with those reported by Toorchi et al. (2012) in canola and Golabadi et al. (2006) in durum wheat. Ehdaie and Shakiba (1996) in wheat found that there was no correlation between stress susceptibility and yield under optimum condition.
Three Dimensional Plots and Cluster Analysis
In order to identify drought tolerant cultivars, three dimensional plots were drawn (Figure 1 ). Three dimensional plots are presented to show the interrelationships among these three variables to separate the cultivars of group A (high yielding cultivars in both stress and non-stress conditions) from the other groups (B, C and D), and to illustrate the advantage of STI and GMP indices as selection criterion for identifying high-yielding and stress tolerant cultivars. In three dimensional plots, Hyola 308 and SW5001 were included in A group, this cultivars had stable grain yield in stress and non-stress conditions. The cultivars Heros and Craker were in B group and performed favorably only in non-stress condition. Sarigol, Amica, Olga, Comet and Option 500 were in D group that performed poorly in both conditions. Cluster analysis showed that the cultivars, based on indices tended to group into three groups with 7, 4 and 3 genotypes, respectively (Figure 2 ). In this analysis, the first group had the highest MP, GMP, YI, YSI, DI, RDI, K1, K2 and STI, and was thus considered to be the most desirable cluster for both growth conditions. The second group had mean indicators values. Therefore, the cultivars of this group were considered to be stable non-stress conditions. In the third group, all cultivars had high SSI, thus they were susceptible to drought and only suitable for irrigated conditions. 
Ranking Method
The estimates indicators of drought tolerance ( Table. 2) indicated that the identification of drought tolerant cultivars based on a single criterion was contradictory. Different indices introduced different cultivars as drought tolerant. To determine the most desirable drought tolerant cultivar according to the all indices, mean rank and standard deviation of ranks of all drought tolerance criteria were calculated and based on these two criteria the most desirable drought tolerant cultivars were identified. In consideration to all indices, cultivars Hyola308, SW5001 and Cracker exhibited the best mean rank and almost low standard deviation of rank, hence they were identified as the most drought tolerant cultivars, while cultivars Sarigol, Olga and Amica as the most sensitive (Table 3) . 
